INTRODUCTION
Tuberculosis remains a common disease and a complex public health problem, particularly in low-and middle-income countries, as well as in the poorest sections of high-income countries. (1, 2) Early diagnosis and treatment are the main determinants of favorable patient outcomes and effective control, reducing the period of transmissibility. (1) (2) (3) (4) (5) (6) There are barriers to early tuberculosis diagnosis and treatment, including delays in seeking medical attention after symptom onset, in establishing a definitive diagnosis, and in initiating appropriate treatment. (3, 5, 6) Several studies have examined factors associated with delayed diagnosis and treatment, including patient-related factors (e.g., age, female sex, other reasons for chronic cough, and self-perception), socioeconomic factors (e.g., social cohesion, poverty, and education), and health care system-related factors (e.g., access to primary care and tuberculosis caseload). (4) (5) (6) (7) The Brazilian public health care system provides universal coverage, being organized in a hierarchical and decentralized manner and providing full tuberculosis treatment free of charge. (8, 9) Tuberculosis control in Brazil has improved in recent years, the overall incidence and associated mortality rate having decreased. (2) However, Brazil remains on the list of high-burden countries and has yet to achieve all of the World Health Organization (WHO) goals for tuberculosis control, particularly those related to treatment outcomes (i.e., a treatment success rate > 85%). (2, 9, 10) The state of São Paulo has a population of 44 million inhabitants distributed among 645 municipalities and accounts for nearly 20% of all tuberculosis cases in Brazil. Although the state of São Paulo is one of the wealthiest in the country, it has yet to achieve the goals related to treatment success. (9) (10) (11) (12) (13) Previous studies have shown that the proportions of tuberculosis cases diagnosed in a hospital setting or in emergency facilities (EFs) are high in Brazil, which might indicate lack of access to health care and delayed diagnosis. (3, (14) (15) (16) (17) (18) (19) However, those studies were either single-center studies or studies conducted at the municipal level. (20, 21) To overcome these limitations, we conducted the present population-based study, the objective of which was to describe patient characteristics by place of diagnosis and determine whether the place of diagnosis is associated with treatment outcomes. A secondary objective was to determine whether structural and socioeconomic indicators are associated with the likelihood of being diagnosed in EFs at the aggregate level, in order to inform targeted public health strategies.
METHODS

Population and setting
The present study was a retrospective analysis of data from the São Paulo State Tuberculosis Control Program database for the period between January of 2010 and December of 2013. Newly diagnosed patients over 15 years of age with pulmonary, extrapulmonary, or disseminated tuberculosis were included in the study. Only new patients were included because patients with recurrent tuberculosis (relapse or reinfection) are highly expected to go through a different diagnostic process. In addition, prison inmates were excluded, as were patients diagnosed through active case finding, including those who had been diagnosed after contact tracing investigation, because of the specific circumstances associated with place of diagnosis.
All of the tuberculosis cases included in the present study were either bacteriologically confirmed or clinically diagnosed cases, in accordance with the WHO definitions. (22) 
Data sources
Patient-related data were collected from an electronic health system (the TBweb database). (9, 23) Because tuberculosis notification (including reporting of treatment initiation) is compulsory, the TBweb database includes data for all municipalities in the state of São Paulo. In addition, the São Paulo State Tuberculosis Control Program has been investing human and financial resources in the TBweb database, data accuracy and quality therefore being guaranteed. (9, 23) Data on the municipalities were collected from the following databases: the Brazilian Institute of Geography and Statistics database (24) ; the São Paulo Sistema Estadual de Análise de Dados (SEADE, State System of Data Analysis) Foundation database (13) ; and the Brazilian National Ministry of Health Department of Primary Care database. (25) The São Paulo SEADE Foundation is an independent public agency, being a national referral center for analysis of socioeconomic and demographic data.
(13)
Indicators at the municipal level
The following indicators were used: population size, population density, gross domestic product, per capita gross domestic product, and level of urbanization. Composite indicators were also used, including the Índice de Desenvolvimento Humano (IDH, Human Development Index)-which assesses education, life expectancy, and economic development and ranges from 0 to 1 (IDH values closer to 1 translating to greater human development)-and the Gini coefficient, which assesses inequality and ranges from 0 to 1 (a Gini coefficient of 0 indicating perfect equality and a Gini coefficient of 1 indicating maximal inequality), on the basis of data from the 2010 Census. (24) The 2010 version of the Índice Paulista de Vulnerabilidade Social (IPVS, São Paulo State Social Vulnerability Index), developed by the São Paulo SEADE Foundation, was also used. (26) The IPVS encompasses several demographic and socioeconomic variables, such as level of education, per capita household income, age, and sex distribution. The population of each municipality was divided into the seven categories of vulnerability defined by the IPVS. In the present study, the indicator selected was the proportion of the municipal population classified as highly vulnerable (i.e., individuals in category 5, 6, or 7). Data from the Brazilian National Ministry of Health were used in order to assess primary care coverage (i.e., family health strategy program or equivalent) in each municipality. (25) Other São Paulo SEADE Foundation indicators used in the present study included proportion of pregnancies with at least seven antenatal visits and infant mortality rate per 1,000 live births.
(13) All primary care indicators were obtained from mid-year values.
Outcomes
The 2013 WHO treatment outcome definitions were used, being adapted to the TBweb database definitions. (9, 22) The outcomes are divided into desirable outcomes (i.e., treatment success) and undesirable outcomes, the latter including treatment failure, death, loss to follow-up, and not evaluated. (9, 22) 
Data analysis
Continuous variables were expressed as mean ± standard deviation or median (interquartile range), depending on their distribution. Categorical variables were expressed as absolute numbers and proportions, being compared by Fisher's exact test or the chi-square test, as appropriate.
A multiple logistic regression model was used in order to evaluate the association between place of diagnosis and unsuccessful treatment outcome. Adjusted ORs were calculated, allowing for potential confounding factors defined a priori. Patient-related factors, as well as disease-and treatment-related factors, were selected on the basis of the literature. Patient-related factors included age, sex, country of birth, self-reported ethnicity, homelessness, level of education, alcohol use, drug use, diabetes mellitus, mental disorder, HIV status, and immunosuppression from etiologies other than HIV infection. Disease-and treatment-related factors included place of diagnosis, chest X-ray findings at diagnosis, microbiological status at diagnosis, initial drug regimen, and directly observed treatment. Given its importance among unsuccessful treatment outcomes, death was used as the dependent variable in a second multiple logistic regression model. An additional analysis was performed at the municipal level. Initially, the number of cases and place of diagnosis were grouped by municipality. Subsequently, each indicator was tested in a univariate analysis as a predictor of diagnosis in EFs, the most important variables being retained in order to explain the variance in the outcome. When the same dimension was assessed by two different indicators, composite indicators were preferred over single indicators, multicollinearity being dealt with in the final model. In order to include the IPVS, which was available for all of the municipalities in the state of São Paulo, two final models were selected. All analyses were performed with the Stata statistical software package, version 13.1 (StataCorp LP, College Station, TX, USA), and the blogit command was used in order to run logistic models for grouped data at the municipal level.
RESULTS
Of a total of 62,178 patients who were diagnosed with tuberculosis between January of 2010 and January of 2013, 7,027 (11.3%) were excluded because they were prison inmates, 3,374 (5.4%) were excluded because they had been diagnosed through active case finding or contact tracing investigation, 696 (1.1%) were excluded because they had been diagnosed at autopsy, and 786 (1.3%) were excluded because there was no information regarding place of diagnosis. Therefore, the final sample consisted of 50,295 patients spontaneously seeking medical attention at health care units in the state of São Paulo.
The general characteristics of the patients analyzed in the present study are shown in Table 1 . Most of the patients were young males. Of the sample as a whole, 55% had been diagnosed in an outpatient setting, 25% had been diagnosed in EFs, and 20% had been diagnosed in a hospital setting. In comparison with the patients who had been diagnosed in an outpatient or hospital setting, those who had been diagnosed in EFs were notably younger, the following being more common in the latter than in the former: being male, self-reporting mixed ethnicity, being homeless, using alcohol, using drugs, and having a low level of education. A diagnosis of tuberculosis during hospitalization was more common in patients with chronic disease (e.g., diabetes mellitus, HIV infection, and immunosuppression from etiologies other than HIV infection) than in those without it. Table 2 shows the characteristics of tuberculosis and tuberculosis treatment, by place of diagnosis, among the patients analyzed in the present study. Of the patients who had been diagnosed in EFs, approximately 80% had pulmonary tuberculosis, the prevalence of positive sputum smears and cultures being higher in those patients than in those who were diagnosed in an outpatient or hospital setting. Other forms of tuberculosis, including extrapulmonary tuberculosis and disseminated/miliary tuberculosis, were more frequently diagnosed in a hospital setting than in an outpatient setting or in EFs.
As can be seen in Table 3 and Figure 1 , the place of diagnosis was associated with tuberculosis treatment outcomes (p < 0.001), which were worse in the patients who had been diagnosed in EFs or in a hospital setting than in those who had been diagnosed in an outpatient setting. In addition, the proportion of loss to follow-up was higher among the patients who had been diagnosed in EFs. After adjustment for potential confounders, the likelihood of treatment failure and death was higher in the patients who had been diagnosed in EFs or in a hospital setting than in those who had been diagnosed in an outpatient setting, results that were consistent with those of a sensitivity analysis in the subgroups of HIV-positive and HIV-negative patients.
During the study period, 591 (92%) of the municipalities in the state of São Paulo reported cases of tuberculosis. In 96 (16%) of all municipalities in the state of São Paulo, more than 30% of all tuberculosis cases were diagnosed in the EFs; in 15 (2.5%), more than 50% of all cases were diagnosed in EFs. Table 4 shows the variables that remained in the models at the municipal level. Municipalities in which primary care coverage was higher were less likely to have tuberculosis cases diagnosed in EFs, whereas municipalities in which inequality and vulnerability were high were more likely to have tuberculosis cases diagnosed in EFs. Figure 2 shows the relationship of the IDH, the Gini coefficient, and primary care coverage with the probability of being diagnosed in EFs, as estimated from adjusted model 1.
For illustrative purposes, we selected four municipalities. Municipality A notified 1,138 cases, being the third leading contributor to the burden of tuberculosis in the state (in absolute numbers). Of those cases, 53% had been diagnosed in EFs. Municipality A has a high IDH (i.e., 0.768), and 21% of its population are highly vulnerable; however, primary care coverage is only 34%. In municipality B, the proportion of cases diagnosed in EFs was 41%. Although the IDH is very high (i.e., 0.814) and primary care coverage is 48% in that municipality, inequality is very high (Gini coefficient, 0.6858) and 36% of its population are highly vulnerable. In municipality C, inequality is high (Gini coefficient, 0.5971) and 33% of the population are highly vulnerable; however, primary care coverage is 99%, and the proportion of cases diagnosed in EFs was 21%. Finally, in municipality D, the proportion of cases diagnosed in EFs was 7%, primary care coverage is 89%, the IDH is high (i.e., 0.798), and only 8% of the population are highly vulnerable.
DISCUSSION
In the present population-based study of data regarding the state of São Paulo, one in every four tuberculosis patients was found to have been diagnosed in EFs. The likelihood of poor outcomes, including death and loss to follow-up, was found to be higher in the patients diagnosed in EFs than in those diagnosed in an outpatient setting. At the municipal level, structural and socioeconomic factors were found to be associated with a higher probability of being diagnosed in EFs.
Our study shows that tuberculosis remains a public health challenge and that there is a need for improving the process of diagnosing tuberculosis in the public health system. (1, 14) The proportion of patients diagnosed with tuberculosis in EFs was found to be high, despite the fact that the state of São Paulo is one of the wealthiest in the country and the fact that tuberculosis treatment is provided free of charge in Brazil. This might be due to difficult access to health care, which results in delayed diagnosis and affects treatment outcomes, as well as increasing the risk of transmission in the population and costs to the health care system. (14, 19, 21, 27) A diagnosis of tuberculosis in EFs is associated with a variety of problems. (3, 4, (27) (28) (29) (30) First, there is a risk of transmission to other patients, given the high prevalence of patients with pulmonary tuberculosis and positive sputum smears in contact with ill patients in a crowded area. (30) Second, given the intrinsic characteristics of the care delivered in EFs, the possibility of tuberculosis is unlikely to be raised, thus increasing the delay in initiating appropriate treatment. (4) Third, tuberculosis patients who are diagnosed in EFs are at a high risk of loss to follow-up because EF patients must be referred to primary care clinics. In addition, the underlying reasons for an EF diagnosis of tuberculosis-including patient vulnerability, lack of access to health care, and lack of self-awareness-potentiate the risk of loss to follow-up. (21) Health care systems should develop strategies to facilitate the retention of tuberculosis patients diagnosed in the EFs, including internet-based scheduling of visits, mobile reminders, and direct communication between hospitals and primary care clinics.
Given that tuberculosis is a chronic disease, early diagnosis and treatment (in an outpatient setting) are preferred over a diagnosis in EFs. This reinforces the importance of improving the screening of individuals with respiratory symptoms, as well as reinforcing the importance of active case finding and contact tracing. (1, 14, (31) (32) (33) In addition, the level of population awareness of tuberculosis should be raised. A Brazilian soccer player has recently participated in a Brazilian national campaign against tuberculosis, the campaign being an example of how to increase population awareness and knowledge of tuberculosis and, consequently, reduce the stigma associated with the disease. (34) However, at the municipal level, low primary care coverage was found to be associated with a higher likelihood of being diagnosed in EFs. Therefore, it is imperative to improve primary care coverage. (19) In addition, primary care clinics must have adequate infrastructure and trained staff for tuberculosis diagnosis and treatment, the lack of adequate infrastructure and trained staff having been reported as problems in studies investigating the pathway to tuberculosis diagnosis in Brazil. (27, 29, 35) Although we have no data as to whether EFs are equipped to diagnose tuberculosis, we speculate that a large proportion of EFs in the country have a laboratory and an X-ray machine, either on site or elsewhere (i.e., at a referral site).
In the present study, treatment outcomes were found to be worse in the patients who had been diagnosed in EFs or in a hospital setting than in those who had been diagnosed in an outpatient setting. (20) We found that it was possible to divide the patients who had been diagnosed in EFs into three groups: socially vulnerable patients, patients with known chronic diseases, and patients who are young and "healthy". For each group of patients, a different set of interventions is required in order to improve their outcomes. Socially vulnerable patients usually have limited access to primary care because of their marginalization and weak social capital. (9, 36) Recent studies have shown that homeless individuals commonly seek EF treatment for diseases at an advanced stage. (37) To tackle this group of patients, the health community should focus on specific goals, including mobile health care clinics, (33, 38) active case finding in shelters, (33) and, fundamentally, a multidisciplinary political and societal approach. (9, 36) There is a need for improving socioeconomic indicators and advocating government actions that have been shown to be effective, such as conditional cash transfers.
(39) Table 3 . Logistic regression models for the association between place of diagnosis and tuberculosis treatment outcomes. Adjusted for age, sex, country of birth, self-reported ethnicity, level of education, homelessness, alcohol use, drug use, diabetes mellitus, mental disorder, HIV status, immunosuppression from etiologies other than HIV infection, anatomical classification, microbiological diagnosis, chest X-ray findings at diagnosis, initial drug treatment, and directly observed treatment.
Unsuccessful treatment Death
b Adjusted for age, sex, country of birth, selfreported skin color/ethnicity, level of education, homelessness, alcohol use, drug use, diabetes mellitus, mental disorder, immunosuppression from etiologies other than HIV infection, anatomical classification, microbiological diagnosis, chest X-ray findings at diagnosis, initial drug treatment, and directly observed treatment. Patients with known chronic diseases have a close relationship with the health care system. Our hypothesis is that such patients commonly have severe clinical presentations of tuberculosis or present with chronic disease exacerbations caused by tuberculosis, posing additional challenges for the diagnosis of tuberculosis and requiring a different approach (e.g., invasive procedures). (20) One expected limitation of studies such as ours (i.e., studies of secondary data) is the lack of detailed information on the degree of disease severity and the diagnostic process in such patients to determine whether they could have been diagnosed outside the hospital setting. Further studies are needed in order to gain a better understanding of this group of patients and provide data to inform potential interventions. Nevertheless, it is clear that we should focus on continuing tuberculosis education for health care workers at all levels of care and act to bridge the "knowledge-do gap", thus facilitating the implementation of tuberculosis guidelines in real practice. (40) Of particular interest is the third group, which comprises young and "healthy" patients. The likely reason why such patients are diagnosed in EFs is that they live in areas where access to primary care is limited or where primary care clinics lack adequate infrastructure. (14, 19, 21) The stigma surrounding tuberculosis management at a health care clinic in the community likely leads such patients to seek medical assistance only when the disease is at an advanced stage or to expect a rapid solution in EFs. (3) (4) (5) 21) In the present study, traditional structural and socioeconomic indicators were found to be associated with a high probability of being diagnosed in EFs. We selected four municipalities to illustrate how the aforementioned indicators can influence the place of diagnosis. The most important message is that it is not enough to assess only one indicator. Many of the municipalities in the state of São Paulo are wealthy (as evidenced by a high IDH) but have a high proportion of socially vulnerable individuals (as evidenced by a high IPVS), as well as inadequate primary care coverage. In these municipalities, we can assume that the richest are treated at private hospitals whereas the poorest have limited access to primary care, a factor that plays a major role in delaying the diagnosis of tuberculosis. Therefore, in order to improve tuberculosis care, it is essential to perform further analysis of each metropolitan area, municipality, and region for a tailored multifaceted intervention.
Our study has limitations that should be acknowledged. First, we analyzed data regarding one Brazilian state Relationship between municipal indicators and the probability of tuberculosis diagnosis in emergency facilities.* *The probability of tuberculosis diagnosis in emergency facilities was estimated from adjusted model 1, on the basis of the Índice de Desenvolvimento Humano (IDH, Human Development Index), the Gini coefficient, primary care coverage, population density, and urbanization. A, B, C, and D represent the four municipalities discussed in the manuscript, the proportions of patients diagnosed in emergency facilities being 53% for A, 41% for B, 21% for C, and 7% for D. rather than the entire country. However, we do not expect to observe a different pattern at the country level regarding place of tuberculosis diagnosis. (19, 28) Second, we have no data regarding the number of health care visits before tuberculosis diagnosis or the time elapsed from symptom onset to diagnosis and treatment initiation. Third, data regarding large cities and smaller municipalities in the state were not analyzed separately, because our objective was to characterize the state of São Paulo as a whole. However, we speculate that our findings are also applicable to the large cities of the state. Finally, tuberculosis was microbiologically confirmed in 68% of all cases and in 85% of the patients who had pulmonary tuberculosis and valid sputum samples, proportions that are higher than the global average. (2) The TBweb database has a dedicated team of professionals who continuously check for consistency, and cases of patients whose initial diagnosis was changed or who were diagnosed with nontuberculous mycobacterial infection were excluded. However, we cannot exclude the possibility of misclassification. Nevertheless, this would have introduced only a minimal bias toward the null rather than a differential bias across places of diagnosis.
Although there has been a major improvement in tuberculosis control, there is a need for further improvement. In the state of São Paulo, 25% of all tuberculosis patients are diagnosed in EFs, a factor that is associated with poor treatment outcomes. At the municipal level, an EF diagnosis of tuberculosis is associated with inequality, social vulnerability, and inadequate primary care coverage, indicating areas for improvement.
